Mitochondrial DNA (mtDNA) is believed to be particularly susceptible to oxidative damage during aging, resulting in mtDNA point mutations, duplications, and deletions. Although mtDNA deletions have been reported in various human tissues, e.g., the brain, heart, and skeletal muscle, little is known about the occurrence in hair. Th erefore, we screened for the presence of mtDNA  bp,  bp,  bp,  bp,  bp, and  bp deletions in  hair samples from subjects aged  days to  years by using polymerase chain reaction (PCR) and investigated the deletion load by TaqMan probe-based real-time PCR. We detected the mtDNA  bp deletion in hair samples, but none of the other deletions that were screened for. Th e proportion of mtDNA  deletion carriers was . (/) and the deletion loads increased from  to . ± . of the total mtDNA with an exponential increase with age (r = ., p < .). Th ese results suggest that mtDNA  bp deletion is a common phenomenon in hair and increases with age. Th ese fi ndings expand our understanding of the tissue-specifi c distribution of mtDNA deletions.
INTRODUCTION
Human mtDNA encodes  tRNAs,  rRNAs, and  polypeptides from a , bp circular genome. It is at high risk of being aff ected by free radical damage during cell respiration [, ] . Approximately  of cellular oxygen is metabolized in mitochondria; some of this oxygen is converted to reactive oxygen species (ROS) as a toxic by-product of electron transport system complexes. Located in close proximity to the source of ROS, mtDNA becomes a frequent target of endogenous ROS [] . As a result, the deletion mutation rate is much higher in mtDNA compared with that in nuclear DNA [] . mtDNA point mutations and deletion mutations were initially considered to be linked with mitochondrial diseases, such as Pearson's syndrome, Kearns-Sayre syndrome (KSS), Alzheimer's disease, and progressive external ophthalmoplegia [, ] . In recent years, there has been growing evidence of the involvement of large-scale deletions in the age-dependent decline of cell or tissue function, since the removal of large essential parts of coding sequences usually results in the loss of the corresponding gene products [, ] . mtDNA point mutations or deletion mutations may also lead to faulty assembly of the respiratory chain and functional impairment of oxidative phosphorylation [] . To date, more than  deletion types have been identifi ed in human mtDNA, some of which are involved in the aging process [, ] . In particular, several mtDNA mutants with large deletions are frequently detected molecules with steadily increased incidence through successive decades of life [, -] . Previous studies have showed that mtDNA deletion types and amounts may vary in diff erent tissues even within the same individual [-] . However, most of these studies were focused on the brain, heart, and skeletal muscle [, , , ] . As yet, little is known about mtDNA deletions in hair. Th erefore, in the present study, we aimed to investigate the presence of the representative aging-related markers, namely, mtDNA  bp,  bp,  bp,  bp,  bp, and  bp deletions [, , , ] , in hair samples and to explore their possible relationships with age.
MATERIALS AND METHODS

Tissue collection
For this study, hair shafts without roots were examined from  unrelated Chinese subjects aged  days to  years. All the participants were without known mitochondrial diseases, such as Pearson's syndrome, KSS, and mitochondrial myopathies. Th ree heart tissue samples with certifi ed multiple mtDNA deletions were used as positive controls for detecting mtDNA deletions. The present study was performed under the supervision of the Ethics Committee of Zhongshan Medical School of Sun Yat-Sen University. Informed consent was obtained from all subjects.
DNA extraction
Hair shafts were cleaned by a -min soak in  mL ethanol () and washed with sterile water. Th en, the samples were cut into -to -mm fragments with clean scissors. Th e hair samples were placed into a -mL tube with  μL TET solution ( mmol/L Tris-HCl,  mmol/L EDTA,  TritonX-),  μL DTT ( mol/L), and  μL proteinase K ( mg/mL). Th e solution was then incubated on a shaker at  r/min at °C for  h. Th e digestion product was extracted with phenol and chloroform. Th e aqueous phase was then transferred into a new tube, followed by the addition of a onetenth volume of  mol/L sodium acetate and  μL DNAmate (TaKaRa Biotechnology, Japan). The desired mtDNA was ethanol precipitated and dissolved in  μL of distilled water.
DNA amplifi cation
PCR was performed in a  μL reacti on mixture containing . μL × LA PCR Buffer II (Mg + Plus) (TaKaRa Biotechnology, Japan),  μM dNTPs, . μM primers (Table ) , . U Taq DNA polymerase, and  ng DNA template. Amplification comprised an initial denaturation at °C for  min, followed by  cycles of  s at °C,  s at °C, and  min at °C. After the reaction,  μL of the PCR product was separated on  agarose gel and visualized with SYBR Safe (Invitrogen, USA) with UV.
Plasmid construction for the standard curve DNA fragments were amplifi ed by PCR using the following primer sets: () for MTND, forward '-GACGCCATA-AAACTCTTCACC-' and reverse '-ATGAG-ATT-GTTTGGGCTACT-G-'; () for mtDNA  bp deletion, forward '-AGTGA-AATGCCCCAACTAAATAC-' and reverse '-TGACCTGTTAGGG TGAGAAGA-AT-'. Purifi ed PCR products were cloned into the PMDT- vector (TaKaRa Biotechnology, Japan). Th e plasmids were further confi rmed by DNA sequencing. Plasmid DNA concentration was determined by measuring the absorbance at  nm (A).
TaqMan probe-based real-time PCR analysis
The primers and probes were designed according to the methods given in a previous report [] . Real-time PCR amplifi cations were performed in  μL reaction volumes containing  ng DNA template,  nmol/L concentration of each primer,  nmol/L of each probe (Table. ), and the TaqMan Universal Master Mix kit (Toyobo, Japan). The following cycling parameters were used for both assays:  min at °C, then  cycles of  s at °C and  min at °C. Each sample was repeated  times and a negative control was set. All real-time PCR assays were carried out on an ABI Prism  Sequence Detector. 
RESULTS
Detection of mtDNA  bp,  bp,  bp,  bp,  bp, and  bp deletions in hair samples
mtDNA deletions were detected as previously described [, ] . Briefly, primer pairs were designed to match both ends of deletion points. In the absence of  bp,  bp,  bp,  bp,  bp, and  bp deletions in the mtDNA, the PCR product lengths would theoretically be  bp,  bp,  bp,  bp,  bp, and  bp, respectively. However, when the extension time is set at  min (suffi cient time for amplifi cation of only  bp), there will not be any amplifi cation fragment in the absence of these large deletions. Instead, amplifi cation will only occur in the presence of those deletions, and the fragment sizes of the PCR products will be  bp,  bp,  bp,  bp,  bp, and  bp, respectively. Three heart tissue samples with certified multiple mtDNA deletions were used as positive controls. As expected, the lengths of amplification fragments were consistent with the theoretical sizes ( Figure ) . In each amplification, negative controls were included in the mtDNA extraction and PCR reaction to detect any possible contamination. Interestingly, mtDNA  bp deletions were detected in  of the  samples within  cycles of PCR amplifi cation. Th e percentage of mtDNA  deletion carriers was as high as .. However, amplifi cation indicative of mtDNA  bp,  bp,  bp,  bp, and  bp deletions was not observed in any samples in our PCR screening (Table ) . Th e mtDNA  deletions from the positive PCR products were further confi rmed by DNA sequencing ( Figure ) . Th ese results suggest that in hair the mtDNA  bp deletion is common, but the mtDNA  bp,  bp,  bp,  bp, and  bp deletions are not.
Reliability and reproducibility of the applied PCR assays
In the TaqMan probe-based real-time PCR approach, fl uorescence was undetectable at the early amplifi cation stage, but eventually exceeded a threshold value. Th e cycle number at which this value reached was defi ned as the cycle threshold (CT). The CT values were then plotted as a parameter of the DNA amount [] . To test the reliability and reproducibility of the real-time PCR assay, calibration curves for the MTND (mtDNA total) and the mtDNA  deletion were constructed. As shown in Figure  , there was an excellent correlation between the cycle number and mtDNA amount, across  log-orders of magnitude ( −¬ - pg/ μL) with correlation coefficients of . for MTND and . for the mtDNA  deletion. It also demonstrated the sensitivity, linearization, and large dynamic range of the TaqMan probe-based real-time PCR approach used in this study.
Presence and amount of mtDNA  bp deletion
For each sample,  different PCR reactions were performed,  for the intact mtDNA and another for the mtDNA deletion. The MTDN gene, which is not generally subject to deletion, represents the total amount of mtDNA. Th e fragment that spanned the deletion junction represented the mtDNA  bp deletion [] . We measured the amount of mtDNA  bp deletion in hair samples from subjects aged  days to  years. The detection rate of the mtDNA  bp deletion was approximately . ( out of ). It was consistent with the result of standard PCR detection. Th e means and standard deviations of the samples are shown in Table  . Measurement of the loads of the mtDNA  bp deletion ranged from  to . (.) of total mtDNA ( Figure ) . A large variability was detected, even between individuals of the same age decade. Th e association between age and the mtDNA  bp deletion load was analyzed by the Spearman rank correlation test (r = ., p < .), which indicated that the  factors were positively correlated. Th e regression equation, developed by curve estimation, was y = E − e .x (R  = ., p < .). Together, these results suggest that the mtDNA  bp deletion is a common phenomenon in hair and increases with age.
DISCUSSION
Large-scale mtDNA deletions have been reported to occur in numerous individuals and multiple tissues. Th ere is increasing evidence that some of them are aging-related, including the mtDNA  bp,  bp,  bp,  bp,  bp, and  bp deletions [, , -, ] . Although mtDNA  bp,  bp,  bp,  bp,  bp, and  bp deletions have been previously detected at high rates in the brain, heart, and muscle fi bers [, , -, ] , we only detected the mtDNA  bp deletion in the hair samples in the present study. Of these,  samples were from individuals aged  to  years. Th ese results suggest that less mtDNA deletion types are present in hair compared with those that have been detected in the heart, brain, muscle, or skin in other studies [, , -, ] . Th e present data also confi rm and extend the previous observation that distribution of mutated mtD-NA molecules can vary depending on the tissue type [, ] . In standard PCR analysis, several factors may result in false negative results. Although the theoretical detection limit is a single DNA copy, realistically, a higher amount of template DNA must be present [] . Th e stabilities of reaction buff er and Taq polymerase are also principally important for PCR effi ciency [] . In this regard, we tried to re-amplify negative samples by improving the PCR reaction system by methods including applying two-round PCR, using more efficient DNA polymerases, and increasing Mg + concentrations. However, we still did not detect mtDNA  bp,  bp,  bp,  bp, and  bp deletions in our hair samples. Previous studies have reported that the mtDNA  bp deletion could hardly be detected in the heart and muscle fi bers from subjects under  years of age [, ] . In contrast, this deletion was detected in . ( out of ) of hair samples from the --year age group in this study. We even observed a deletion rate of . ×  −  (. ×  − ) of total mtDNA in the hair sample of a -day-old newborn. However, a hair sample from a -year-old subject showed negative amplification in  independent experiments with improved measures for amplifi cation effi ciency. In the present study, the mtDNA  bp deletion showed an exponential increase with age. However, the correlation coeffi cient was weaker than those found in the heart tissue, muscle fi ber, or brain tissue [, , , ] . In this study, strong variabilities of mtDNA  bp deletion load were observed even within each age group. The highest deletion rate of . (.) was from a -year-old subject rather than the oldest subject (-year-old). Th is deletion load was substantially lower than the rate of . measured in brain tissue in another study [] . Interestingly, a deletion rate of . (.) was found in a -year-old individual. Th is deletion amount was approximately  times higher than the lowest one from a subject in the same age decade. Th e sample belonged to a healthy man without clinical symptoms of heart diseases, Pearson's syndrome, KSS, Alzheimer's disease, or the other obvious diseases. But his maternal grandmother had died of Parkinson's disease, which has been recognized as a high mtDNA deletion disease [] . Although genetic factors were not systematically analyzed in this study, these may be one of the determinants of variability in the rates of mtDNA  bp deletion within groups of subjects with similar ages.
CONCLUSION
Our data suggest that the mtDNA  bp deletion is a common phenomenon in hair and increases with age. These findings may lead to a better understanding of the distribution of mtDNA deletions in human tissues.
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